ink Scoring Matrix Local Alignment Algorithm Ink Scoring Matrix Global Alignment Algorithm Figure 5B energy minimum in the Solvent environment (Anfinsen, 1973) . Several exceptions to this so-called "thermodynamic folding (Jackson, 1998) , a detailed understanding of the forces involved in thermodynamic control and how atomic interactions relate amino acid Sequence to the folding and stability of the native structure has still proven elusive.
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I. Field of the Invention 0007. Despite the progress that has been made in protein folding, obstacles have prevented an accurate Structure pre diction algorithm. An obstacle in developing an accurate Structure prediction algorithm has been the lack of Suitable potentials for calculating the free energies of different con formations of a given protein molecule. In 1992, high pressure liquid chromatography (HPLC) was used to quan titate the energies of pairwise interactions between amino acid side chains (Pochapsky and Gopen, 1992 ). Yet further, in 1999, Pochapsky used HPLC to further study the ther modynamic interactions between amino acid Side chains. A stationary phase was prepared for use in an HPLC. The phase was prepared by derivatizing microparticulate Silica gels with functionality mimicking the Side chain of hydro phobic and amphiphilic amino acid analytes (Pereira de Araujo et al., 1999) . Thus, this variation of an HPLC method compares entropies and free energies of interaction using different derivatized microparticulate Silica gels. 0008. The present invention uses a computer-based algo rithm to address for the first time whether amino acid residue types have distinct preferences for thermodynamic environ ments in the folded native structure of a protein, and whether a Scoring matrix based Solely on thermodynamic informa tion (independent of explicit structural constraints) can be used to identify correct Sequences that correspond to a particular target fold. This is done by means of a unique approach in which the regional Stability differences within a Dec. 19, 2002 protein are determined for a database of proteins using the COREX algorithm (Hilser & Freire, 1996) . The COREX algorithm generates an ensemble of States using the high resolution Structure as a template. Based on the relative probability of the different states in the ensemble, different regions of the protein are found to be more Stable than others. Thus, the COREX algorithm provides access to residue-specific free energies of folding.
BRIEF SUMMARY OF THE INVENTION
0009. One embodiment of the present invention is directed to a System and method of developing a protein database that contains all of the thermodynamic information necessary to encode a three-dimensional protein Structure 0010 Another embodiment of the present invention com prises a protein database comprising nonhomologus proteins having known residue-specific free energies of folding of the proteins. In specific embodiments, the database comprises globular proteins. 0011. In further embodiments, the database is determined by a computational method comprising the Step of deter mining a Stability constant from the ratio of the Summed probability of all states in the ensemble in which a residue j is in a folded conformation to the summed probability of all States in which is in an unfolded conformation according to the equation, 0012 Another specific embodiment of the present inven tion comprises that the Stability constants for the residues are arranged into at least one of the three thermodynamic classification groups Selected from the group consisting of Stability, enthalpy, and entropy. 0013 In specific embodiments, the stability thermody namic classification group comprises high Stability, medium stability and low stability. More particularly, the residues in the high Stability classification comprises phenylalanine, tryptophan and tyrosine. The residues in the low Stability classification comprises glycine and proline. And the resi dues in the medium Stability classification comprises aspar agine and glutamic acid.
0014. Yet further, the enthalpy thermodynamic classifi cation group comprises high enthalpy and low enthalpy. Enthalpy comprises a ratio of the contributions of polar and apolar components. 0015. In another specific embodiment, the entropy ther modynamic classification group comprises high entropy and low entropy. Entropy comprises a ratio of the contributions of polar and apolar components. 0016. In a further embodiment, the stability constants for the residues are arranged into twelve thermodynamic clas sifications Selected from the group consisting of HHH, 0024 Moreover, the computer-based program of the inventive System may have a display/reporting module for producing one or more graphical reports to a Screen or a print-out. Some of these reports include: a display of a three-dimensional proteinstructure based on Said amino acid thermodynamic classifications, a Scatter-plot of normalized frequencies of COREX stability data versus normalized frequencies of average Side chain Surface exposure; and a chart displaying thermodynamic environments for amino acids of a protein.
0025. Another aspect of the inventive methods is that they may be Stored as computer executable instructions on computer-readable medium. 0026. The foregoing has outlined rather broadly the fea tures and technical advantages of the present invention in order that the detailed description of the invention that follows may be better understood. Additional features and advantages of the invention will be described hereinafter which form the subject of the claims of the invention. It should be appreciated by those skilled in the art that the conception and Specific embodiment disclosed may be readily utilized as a basis for modifying or designing other Structures for carrying out the same purposes of the present invention. It should also be realized by those skilled in the art that Such equivalent constructions do not depart from the Spirit and Scope of the invention as Set forth in the appended claims. The novel features which are believed to be char acteristic of the invention, both as to its organization and method of operation, together with further objects and advantages will be better understood from the following description when considered in connection with the accom panying figures. It is to be expressly understood, however, that each of the figures is provided for the purpose of illustration and description only and is not intended as a definition of the limits of the present invention. histogram, the low stability bin is on the left, the medium stability bin is in the middle, and the high stability bin is on the right. The data used in each histogram was taken from the 2922 residue data set, as given in 0040. It is readily apparent to one skilled in the art that various embodiments and modifications may be made to the invention disclosed in this Application without departing from the Scope and Spirit of the invention. 0041 AS used herein the specification, "a" or "an" may mean one or more. AS used herein in the claim(s), when used in conjunction with the word "comprising", the words "a" or "an may mean one or more than one. AS used herein "another may mean at least a Second or more. 0042. The term "conformation" as used herein refers various nonsuperimposable three-dimensional arrangements of atoms that are interconvertible without breaking covalent bonds.
0043. The term "configuration" as used herein refers to different conformations of a protein molecule that have the Same chirality of atoms.
0044) The term "database' as used herein refers to a collection of data arranged for ease of retrieval by a com puter. Data is also stored in a manner where it is easily compared to existing data Sets. 004. 0049. The term "polyamino acids" as used herein refers to random Sequences of varying lengths generally resulting from nonspecific polymerization of one or more amino acids.
0050. The term "protein' as used herein refers to a chain of amino acids usually of defined Sequence and length and three dimensional Structure. The polymerization reaction, which produces a protein, results in the loSS of one molecule of water from each amino acid, proteins are often Said to be composed of amino acid residues. Natural protein molecules may contain as many as 20 different types of amino acid residues, each of which contains a distinctive Side chain.
0051. The term "protein fold' as used herein refers to an organization of a protein to form a structure which con Strains individual amino acids to a specific location relative to the other amino acids in the Sequence. One of Skill in the art realizes that this type of organization of a protein comprises Secondary, tertiary and quarternary Structures. 0.052 The term "thermodynamic environment" as used herein refers to the various thermodynamic components that contribute to the folding process of a protein. 0056. The present invention utilizes a computational method comprising the Step of determining a Stability con stant from the ratio of the summed probability of all states Dec. 19, 2002 in the ensemble in which a residue j is in a folded confor mation to the Summed probability of all states in which is in an unfolded conformation according the equation, 0057. One of skill in the art is cognizant that although the Stability constant is defined for each position, the value obtained at each residue is not the energetic contribution of that residue. The Stability constant is a property of the ensemble as a whole. For each partially unfolded microState, the energy difference between it and the fully folded refer ence State is determined by the energetic contributions of all amino acids comprising the folding units that are unfolded in each microState, plus the energetic contributions associ ated with exposing additional (complimentary) Surface area on the protein (FIG. 1B) . The stability constant thus pro vides the average thermodynamic environment of each residue, wherein Surface area, polarity, and packing are implicitly considered. Thus, the Stability constant provides a thermodynamic metric wherein each of these Static struc tural properties is weighted according to its energetic impact at each position. 0058. The stability constants for the residues are arranged into three classifications of Stability Selected from the group consisting of high, medium and low. Specifically, the resi dues in the high Stability classification comprises phenyla lanine, tryptophan and tyrosine. The residues in the low Stability classification comprises glycine and proline. The residues in the medium Stability classification comprises asparagine and glutamic acid. 0059. In the present invention, the classifications of high, medium and low are determined based upon inspection of the linkf value for each protein in the Selected database. Thus, one of skill in the art is cognizant that these classifi cations are relative and may vary depending upon the proteins that are selected for the database. (3304 residues total) that were not included in the above set, was created from the PDBSelect database (Hobohm & Sander, 1996) . This second database was used as a control The structural classification for determining extent of homology as found in the SCOP database (Murzin et al., 1995) . The number of residues in the entire amino acid sequence as given in the PDB entry. All amino acid sequences contained in the fold-recognition library of a given target structure were of this length.
"The number of amino acid sequences contained in the fold-recognition library of a given target structure and repre sents the total number of monomeric sequences in the PDB with lengths identical to the value in the "Sequence Length' column.
Example 2
Computational Details 0077. The database of 44 nonhomologous proteins (Table  1) was analyzed using the COREX algorithm. The COREX algorithm (Hilser & Freire, 1996) was run with a window
Size of five residues on each protein in the database. The minimum window Size was Set to four, and the Simulated temperature was 25 C. 0078 Briefly, COREX generated an ensemble of partially unfolded microStates using the high-resolution Structure of each protein as a template (Hilser & Freire, 1996) . This was facilitated by combinatorially unfolding a predefined set of folding units (i.e., residues 1-5 are in the first folding unit, residues 6-10 are in the Second folding unit, etc. the Summed probability of all states in the ensemble in which a particular residue j was in a folded conformation (XP) to the summed probability of all states in which was in an unfolded conformation (XP):
0081 From the stability constant, a residue-specific free energy was written as:
0082 Equation 3 reflects the energy difference between all microscopic States in which a particular residue was folded and all Such states in which it is unfolded.
0083. The Gibbs energy for each microstate i relative to the fully folded Structure was calculated using Equation 4:
AGi=AHi, solvation-T(ASi, salvation+WASi, confor mational)
0084 where the calorimetric enthalpy and entropy of Solvation were parameterized from polar and apolar Surface exposure, and the conformational entropy was determined as described previously (Hilser & Freire, 1996) . The maximum Secondary Structure, or other structural classifications, do not obligatorily coincide with thermodynamic classifications. This result has potentially important consequences for cata loging propensities of amino acids in different environ ments. For example, in OM3 two threonine residues were located in different structural environments; Thr 47 was part of the loop that follows alpha helix 1, while Thr 49 was part of beta strand 3. In spite of the different structural environ ments for the two threonine residues, the Stability constants and, more importantly, the experimental protection factors demonstrated that both residues, to a first approximation, share the same thermodynamic environment.
Example 4
Binning of Residue Stability Constants 0091 Inspection of each protein's in Kf data indicated that these were the three Stability classes: high, medium, and low stability. The cutoffs for each stability class were adjusted so that an approximately equal number of residues in the database fell in each class ( Table 2 ). The low stability category was defined as link-3.99, the medium stability category was defined as 3.99.<lnKC=7.14, and the high Stability category was defined as linki>7.14. Statistics of amino acid type as a function of each of these Stability categories were tabulated (Table 2) , and normalized histo grams of these numbers are shown in FIG. 3A-FIG. 3T . The values in this table were used to compute the normalized histograms shown in FIG. 3A-FIG. 3T . In addition, these values (minus the values for a given target protein) were used to compute the link scoring matrices.
0092 Striking asymmetries were often observed for the histograms of certain amino acids across the three Stability environments, and these asymmetries were well outside the Standard deviation of the average of three random data Sets. For example, the aromatic amino acids Phe, Trp, and Tyr were mostly found in high stability environments, while Gly and Pro were overwhelmingly found in low stability envi number of counts of residue type ), and P was the prob ability of finding any residue in the database in Stability environment k (i.e., number of residues in Stability class k, regardless of amino acid type, divided by the total number of residues in the entire database, regardless of amino acid type). The structural environment was described by either COREX stability information (high, medium, or low link), or DSSP Secondary structure (alpha, beta, or other) as given in the target's PDB entry. The fold recognition target was removed from the database, and the remaining 43 proteins were used to calculate the Scores, therefore, information about the target was never included in the Scoring matrix. The values in Tables 3A and 3B are the average it standard deviation of all 44 individual Scoring matrices. The boundaries for the stability categories were defined as follows: low stability was 1nk, <= 3.99, medium stability was 3.99 < 1n
as described in the text.
DSSP secondary structure (Kabsch & Sander, PDB entry.
0100. The scoring matrices derived from COREX stabil ity and Secondary Structure, averaged over all 44 target proteins, are shown in Tables 3A and 3B , respectively. The stability matrix scores faithfully reflected the histograms shown in FIG. 3A-FIG. 3T ; for example, Gly and Pro scored unfavorably in high stability environments but scored favorably in low stability environments. Similarly, the sec ondary Structure matrix Scores followed intuitive notions of Secondary Structure propensity; for example, Ala Scored positively in helical environments, the aromatics Scored positively in beta environments, and Gly and Pro scored negatively in both alpha and beta environments. The Stan dard deviations in both matrices were generally Small as compared to the magnitude of the Scores, Suggesting that the Scores were not affected by the removal of any one protein from the database.
Example 8
Fold-Recognition Details 0101 Fold-recognition experiments were based on the profile method pioneered by Eisenberg and co-workers (Gribskov et al., 1987; Bowie et al., 1991) . 0102 Briefly, the method characterized each residue position of a target protein in terms of a structural environ ment Score derived from analysis of a database of known Structures. The resulting profile of the target protein was then optimally aligned to each member of a library of amino acid Sequences by maximizing the Score between the Sequence and the profile. Two Structural environment Scoring Schemes were developed: one based on calculated COREX stability, and one based on DSSP secondary structure (Kabsch & Sander, 1983) as contained in each target protein's PDB file. f <= 7.14, high stability was 7.14 < 1nk, 983) was used as given in each protein's Each Scoring Scheme had three dimensions as a function of the 20 amino acids: high, medium, and low Stability for COREX Scoring, or alpha, beta, and other for Secondary Structure Scoring. Two alignment algorithms were used: a local scheme (Smith & Waterman, 1981) as implemented in the PROFILESEARCH software package (Bowie et al., 1991) , and a global Scheme. The global alignment Scheme Simply paired the first residue of an amino acid Sequence with the first position of a target profile, with no allowance for gaps. This Scheme was possible because the amino acid Sequence lists against which the targets were threaded only included Sequences of identical length to each target corre sponding to monomeric structures from the PDB. The total number of identical length Sequences for each target ranged from 6 to 35, with an average of 19t8 Sequences per target (Table 1) . No attempt was made to optimize the gap opening and extension penalties for the local algorithm; in all cases these were the defaults given in the PROFILESEARCH package, 0.1 and 0.05, respectively. 0103) The results of the fold recognition experiments are shown in FIG.5A, FIG. 5B, FIG. 5C and FIG. 5D , and at least three conclusions are drawn from this data. First, scoring matrices composed of either COREX stability or DSSP secondary structure data performed better than ran domized data Sets in matching a structural target to its amino acid sequence. In FIG.5A, FIG. 5B, FIG.5C and FIG.5D , Value of the 3D-1D scoring matrix corresponding to the results of opti mal alignment of the 1vcc amino acid sequence given in the "Residue Type' column to the 1igd stability profile given in the "Stability Environ ment column. These values are highly similar, but not identical, to the average values given in Table 3A because these values are from the scor ing matrix produced when the target protein was removed from the data base, as described in the text. 01.07 Value of the 3D-1D scoring matrix corresponding to the results of opti mal alignment of the 2ait amino acid sequence given in the "Residue Type' colunm to the 1igd stability profile given in the "Stability Environ ment column. These values are highly similar, but not identical, to the average values given in Table 3A because these values are from the scor ing matrix produced when the target protein was removed from the data 
Example 10
State of Ensemble Using COREX 0108) A database of 81 proteins, 5849 residues total (Table 5) , was selected from the Protein Data Bank (Baldwin and Rose, 1999) on the basis of biological and computa tional criteria as described previously in Example 1.
0109) Next, the COREX algorithm (Hilser & Freire, 1996) was run with a window size of five residues on each protein in the database. The minimum window Size was Set to four, and the simulated temperature was 25 C. The COREX algorithm generated an ensemble of partially unfolded microStates using the high-resolution Structure of each protein as a template (Hilser & Freire, 1996) (Hilser & Freire, 1996) . COREX uses empirical parameter izations to calculate the relative apolar and polar free ener gies of each microState: 
0113. The three primary components used to calculate conformational entropies (AS) for each microstate were:
(1) AS, the entropy change associated with the transfer of a side-chain that was buried in the interior of the protein to its Surface; (2) AS , the entropy change gained by a Surface-exposed side-chain when the peptide backbone unfolds, and (3) AS, the entropy change gained by the backbone itself upon unfolding (Hilser & Freire, 1996) . For fold recognition calculations, the total (AS, ) of all pro teins is multiplied by a Scaling factor to eliminate the unfolded State contribution to the residue-specific thermo dynamic parameters. 0114) Next, the residue stability constant, K, was calcu lated similar to Example 2. The residue stability constant is the ratio of the Summed probability of all states in the ensemble in which a particular residue, j, is in a folded conformation (XP) to the Summed probability of all states in which residue j is in an unfolded (i.e., non-folded) conformation (XP).
0115 Equation 2, in turn, was used to define a residue specific free energy of folding for the protein (AG=-RTInK), which was expanded to give (AG=RTInO,ti-RT In QE) where Q, and Q were the Sub-partition functions for states in which residue j was unfolded and folded, respectively. Thus, the residue-Specific free energy provides the difference in energy between the sub-ensembles in which each residue is folded and unfolded. In other words, the 
0124 where:
Nifolded (AH, i. e-Ai?)
(AHpot.f.) = (alleg") Qf. three-dimensional thermodynamic Space. The non-random distribution of residues resulted in an empirical partitioning of the residue-specific data into twelve thermodynamic categories by dividing the Stability data into three categories, the enthalpy data into two categories, and the entropy data into two categories (FIG. 9A-FIG. 9C) . 0.135 Statistics for amino acid type as a function of each of the thermodynamic environments were tabulated (Table  6 ) and the log-odds probability for an amino acid type to be in each thermodynamic environment was calculated. The resulting histograms (FIG. 10) 0145 Thus, a threading procedure was repeated on a Subset of proteins from the original database (Table 5) 0146 First, a scoring table was assembled from the 31 proteins in Table 5 that were classified by the SCOP database as being "All alpha" proteins. Second, the 12 "All beta' proteins from Table 5 were threaded using the Scoring table derived solely from the "All alpha" proteins. In other words, amino acid propensities for the thermodynamic environ ments from all-alpha proteins were used to perform fold recognition experiments on all-beta proteins. For more than 80% of the targets (10/12), sequences known to adopt the native all-beta structures scored in the top 5% of the 3858 decoy sequences, (FIG. 12) . 0147 This result was a clear demonstration that the energetic information derived from the COREX calculations was independent of protein Secondary Structure. various changes, Substitutions and alterations can be made herein without departing from the Spirit and Scope of the invention as defined by the appended claims. Moreover, the Scope of the present application is not intended to be limited to the particular embodiments of the process, machine, manufacture, composition of matter, means, methods and StepS described in the Specification. AS one of ordinary skill in the art will readily appreciate from the disclosure of the present invention, processes, machines, manufacture, com positions of matter, means, methods, or Steps, presently existing or later to be developed that perform Substantially the same function or achieve Substantially the same result as the corresponding embodiments described herein may be utilized according to the present invention. Accordingly, the appended claims are intended to include within their Scope Such processes, machines, manufacture, compositions of matter, means, methods, or Steps.
1. A protein database comprising nonhomologus proteins having known residue-specific free energies of folding.
2. The database of claim 1, wherein the nonhomologus proteins are globular proteins.
3. The database of claim 1, wherein the database is determined by a computational method comprising the Step of determining a Stability constant from the ratio of the Summed probability of all states in the ensemble in which a residue j is in a folded conformation to the Summed prob ability of all states in which is in an unfolded conformation according to the equation, 4. The database of claim 3, wherein the stability constants for the residues are arranged into at least one thermody namic classification group Selected from the group consist ing of Stability, enthalphy, and entropy.
5. The database of claim 4, wherein the stability classi fication group comprises high Stability, medium Stability or low stability.
6. The database of claim 5, wherein the residues in the high Stability classification comprises phenylalanine, tryp tophan or tyrosine.
7. The database of claim 5, wherein the residues in the low Stability classification comprises glycine or proline.
8. The database of claim 5, wherein the residues in the medium Stability classification comprises asparagine or glutamic acid.
9. The database of claim 4, wherein the enthalpy classi fication group comprises high enthalpy or low enthalpy.
10. The database of claim 4, wherein the entropy classi fication group comprises high entropy or low entropy.
11. The database of claim 3, wherein the stability con Stants for the residues are arranged into three thermody namic classification groupS. Selected from the group consist ing of Stability, enthalphy, and entropy.
12. The database of claim 3, wherein the stability con Stants for the residues are arranged into twelve thermody namic classifications Selected from the group consisting of 14. The method of claim 13, wherein the stability constant is arranged into at least one thermodynamic classification group Selected from the group consisting of Stability, enthal phy, and entropy.
15. The method of claim 13, wherein the protein database comprises nonhomologous proteins.
16. The method of claim 13, wherein the generating Step comprises dividing the proteins into folding units by placing a block of windows over the entire Sequence of the protein and sliding the block of windows one residue at a time.
17. The method of claim 13, wherein the determining step comprises determining the free energy of each of the con formational States in the ensemble, determining the Boltz mann weight K=exp(-AG/RT) of each State; and deter mining the probability of each State using the equation 18. The method of claim 13, wherein the calculating step comprises determining the energy difference between all microscopic States in which a particular residue is folded and all Such States in which it is unfolded using the equation AG=-RT-linki 19. A method of identifying a protein fold comprising determining the distribution of amino acid residues in dif ferent thermodynamic environments corresponding to a known protein structure.
20. The method of claim 19, wherein the thermodynamic environments are Selected from the group consisting of Stability, enthalpy and entropy.
21. The method of claim 19, wherein determining the distribution of amino acid residues comprises constructing Scoring matrices derived of thermodynamic information.
22. classifying a Stability constant into a thermodynamic classification group. 25. The system of claim 24, wherein said computer-based program further includes a probability determination mod ule for determining the free energy of each of the confor mational States in the ensemble; determining the Boltzmann weight; and determining the probability of each State.
26. The system of claim 24, wherein said computer program further includes a display module for producing one or more graphical reports to a Screen or a print-out.
27. The system of claim 26, wherein said one or more graphical reports is a display of a three-dimensional protein Structure based on Said amino acid thermodynamic classi fications.
28. The system of claim 26, wherein said one or more graphical reports is a Scatter-plot of normalized frequencies of COREX stability data versus normalized frequencies of average Side chain Surface exposure.
29. 38. The method of claim 13, wherein the protein database comprises globular proteins.
